started to be used in medical fields in the early 1970s, his novel idea of introducing an image-processing filter, called a "Metz Filter," became widely applied in nuclear medicine, but not until more than a decade later [3, 4] .
Soon after obtaining his Ph.D., Dr. Metz became an instructor in the Department of Radiology and at the Argonne Cancer Research Hospital at the University of Chicago. He ended his busy and very productive life having spent his whole career at the University of Chicago. Needless to say, he received rapid academic promotions: to assistant professor in 1971, associate professor in 1975, and professor in 1980. He served as director of the graduate program in medical physics from 1979 to 1986. He served on multiple institutional as well as national and international committees and advisory boards, including study sections for the US National Institutes of Health.
Dr. Metz was best known for extending ROC analysis to the medical imaging field. The procedure of ROC analysis had originally been introduced to medical imaging by Dr. Lee B. Lusted for the evaluation of diagnostic accuracy [5] . Dr. Metz followed this work together with Professor Kurt Rossmann, who was the director of the Center for Radiologic Image Research at the University of Chicago [6] . Figure 1 is a picture of Dr. Metz taken in 1978. In particular, he applied his talent to adopting theoretical principles from other fields for ROC analysis and wrote definitive papers on the application of ROC analysis to radiology. His most significant paper, entitled "Basic Principles of ROC Analysis," has been cited more than 5,000 times since it was published in 1978 [7] , according to Google Scholar.
Dr. Metz established ROC methodology in the 1980s. Most researchers (particularly radiologists) in the 1970s had recognized the importance of ROC study for evaluating diagnostic accuracy using their own decision-making, but did not know how to perform ROC observer studies, except for workers at the University of Chicago. To help this situation, for making ROC analysis more widely accessible, Dr.
Metz published two valuable papers related to ROC observer study, in 1986 and 1989 [8, 9] .
When Lusted introduced ROC observer study, he used a five-category scale for indicating observers' confidence levels regarding the detection of abnormal lesions [10] . A majority of ROC observer studies were performed by this five-category scale; however, data-categorizing (the use of five scales for indicating observers' confidence levels for presence/absence of subtle lesions) was generally recognized to be a difficult task for observers. In the early 1990s, Dr. Metz proposed a new method for estimating a binormal ROC curve from continuously distributed test results [11, 12] . Using this new ROC paradigm, researchers were now able to use a continuous rating scale instead of the fivecategory scale.
Another important contribution by Professor Metz to ROC analysis was his development of various kinds of ROC software. He provided extensive packages of this software to more than 15,000 registered users worldwide. The first item of ROC software (called RSCORE II) was developed in 1968 by Dr. Donald D. Dorfman, who had been an investigator together with Dr. Metz; this was a binormal ROC model [13] . With some modifications of RSCORE II, Dr. Metz developed a new type of software, ROCFIT, in 1984, which was designed only for categorized scales [14] . Subsequently, Dr. Metz reported on a new method for estimating a binormal ROC curve from continuously distributed test results, for which he developed a new type of software in 1990 which he called LABROC4 [12] . LABROC4 could run on a DOS/V PC machine, a procedure which was not as expensive as the use of the workstation available at that time, and it could be distributed by the use of a 3.5-inch floppy disk. A number of researchers applied to obtain this novel ROC software. When Dr. Metz had developed and prepared to distribute LABROC4, a sub-group of the Japanese Society of Radiological Technology established "Metz's ROC Software Users Group" and started to distribute LABROC4 in Japan with permission of Dr. Metz (Fig. 2) .
In 1998, Dr. Metz proposed a new generalized method for ROC curve-fitting and statistical testing with a new algorithm called ROCKIT [15] . This new algorithm used maximum-likelihood estimation to fit a binormal ROC curve to either continuously distributed or ordinal-category data. ROCKIT also calculates the statistical significance of differences between ROC index estimates and parameters for unpaired, partially paired, or fully paired data.
As the use of the Internet was becoming the norm for researchers in the late 1990s, Dr. Metz started to distribute his ROC software to all researchers who were interested in ROC analysis using the internet from the web site of his laboratory (Fig. 3) .
When image evaluation with ROC analysis became necessary for the performance of statistically significant tests to demonstrate evidence of diagnostic accuracy, Dr. Dorfman, Dr. Kevin S. Berbaum (who was a colleague of Dr. Dorfman), and Dr. Metz developed a new algorithm for comparison of multiple treatments (e.g., imaging modalities) by analyzing data obtained from multiple readers and multiple cases (MRMC) [16] . Then, Dr. Metz developed a new type of software, called LABMRMC, which employs the Dorfman-Berbaum-Metz (DBM) algorithm using LABROC4 curve-fitting, as well as DBM-MRMC, which added a "Proper" binormal ROC algorithm [17, 18] to LABMRMC.
In 2005, based on his outstanding contributions to medical imaging science, Dr. Metz was awarded the twelfth L. H. Gray Medal by the International Commission on Radiation Units and Measurements.
Professor Metz was respected and loved by everyone who worked with him because he was generous with his time, especially with younger colleagues and with students. He advised or served on dissertation and thesis advisory committees for 40 students. The recipient of a first and a second Kurt Rossmann Award for Excellence in Teaching in the Graduate Program in Medical Physics at the University of Chicago, he could not get a third award because the rule was changed so that it could be won only once (Fig. 4) . Professor Metz contributed significantly to numerous research projects [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] conducted at the Kurt Rossmann Laboratories for Radiologic Image Research (Director: Kunio Doi, Ph.D.) at the University of Chicago over the three decades from 1977 to 2011, particularly in the quantitative evaluation of the effect of image-processing and digital parameters on diagnostic accuracy as well as the usefulness of computer-aided diagnostic (CAD) schemes in many imaging modalities, including breast and chest imaging. Dr.
Metz's high level of expertise in the area of ROC analysis was expressed by his being a major contributor to many publications in the Rossmann Laboratories in the early phase of research on digital radiography, and in the development of many CAD schemes. All members of the Rossmann Laboratories benefitted greatly from his contributions to their work. The success in the development of CAD at the Rossmann Laboratories would not have been possible without Dr. Metz as a member. In return, Dr. Metz enjoyed and benefitted from his collaboration with many researchers on the use of ROC analysis, being able to apply his methodology to many clinical issues and also to basic imaging studies related to digital radiography.
Dr. Metz spent considerable time with clinicians, including Heber MacMahon, MD, in chest imaging and Robert A. Schmidt, MD, in breast imaging, discussing clinical issues that could be subjected to ROC analysis. Thus, he was made aware of complex and difficult clinical issues that were suitable for the application of ROC methodology.
The cited list of his publications [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] includes only some representative studies on many different projects. These papers had a variety of coauthors, indicating the broad range of research topics in which Dr. Metz was involved. He was a scientist with the highest, genuine integrity and the highest level of competence in theoretical work, but he also had a deep understanding of and knowledge about clinical issues.
Professor Metz was also loved by many Japanese researchers. He visited Japan six times and spent 4 months as a guest professor at the College of Biomedical Technology of Osaka University in 1989 (Fig. 5) . He was able to understand ideas which were presented by Japanese researchers even in poor English, and he answered their questions very carefully and made valuable suggestions in slow and simple Professor Metz died of pancreatic cancer at the age of 69 years. At his last lecture on October 13, 2011, he presented his thoughts on careers, research, wants, needs, love, and a few other topics to a capacity audience of students and faculty at the University of Chicago. In this lecture, he remarked that the best way to choose a career is to find something that you love to do, and then to become so good at it that others will be eager to pay you well to do it. In addition, he said that, in order for you to succeed in research, it must be about something that you want to do, that you need to do, and that you love to do. Therefore, you should either cultivate the want, the need, and the love, or else find a career in which research is irrelevant.
In this last lecture, he announced "Metz's law of scientific communication," which was based on the principle that no idea is worth anything unless you can get it out of your head and put it more or less intact into other heads, if possible, in a form that will stimulate additional thoughts in the other heads. Additionally, he emphasized that you will have an advantage in your career if you can teach yourself to communicate well. In the closing part of this lecture, he referred to four quotations: "When I am working on a problem, I never think about beauty; I think only of how to solve the problem. But when I've finished, if the solution is not beautiful, I know it is wrong." -Buckminster Fuller "One of the principal objects of theoretical research in any department of knowledge is to find the point of view from which the subject appears in its greatest simplicity." -J. Willard Gibbs "Everything should be made as simple as possible, but not simpler." -Albert Einstein "God is in the details." -Ludwig Mies van der Rohe ROC analysis and Metz's ROC software have been used and extended in many fields of medical imaging, and in the evaluation of artificial intelligence and the products of machine learning. As we make use of his accomplishments, we will never forget the teachings and the philosophical insights we learned from Professor Metz.
